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Please check that this examination paper consists of NINE pages of printed 
material before you begin the examination. 
 
[Sila pastikan bahawa kertas peperiksaan ini mengandungi SEMBILAN muka 
surat yang bercetak sebelum anda memulakan peperiksaan ini.] 
 
 
Instructions: Answer all eight [8] questions. 
 
[Arahan:    Jawab semua lapan [8] soalan.] 
 
 
In the event of any discrepancies, the English version shall be used. 
[Sekiranya terdapat sebarang percanggahan pada soalan peperiksaan, versi 
Bahasa Inggeris hendaklah diguna pakai]. 
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1. Consider the following linear programming problem:   
   Maximize   z  =  2x1 +  7x2 + 4x3
 
   Subject to          x1  +  2x2 +  x3  ≤  10    
                          3x1   +  3x2 + 2x3 ≤  10              
                             x1 ,  x2 , x3  0 
 
 (a)  Construct the dual problem for this primal problem. 
 (b)   Solve the dual problem graphically and use this solution to obtain the optimal 
solution for the primal problem. 
 [10 marks] 
 
2. Consider the following  linear programming problem.  
 Maximize   z  =  c1x1 +  c2x2 + c3x3
 
  Subject to          x1  +  2x2 +  x3  ≤   k   
                          2x1   +    x2 + 3x3 ≤  2k             
                             x1 ,  x2 , x3  0 
 
 Let x4 and x5 denote the slack variables for the first and second constraints 
respectively. You are given the following final simplex tableau but you are unable to 
read the value of z.  
Basic  x1 x2 x3  x4 x5 Solution 
z 10
7  0 0 5
3    5
4
     
 x2  51  1 0 5
3
   5
1
   1 
 x3   5
3  0 1  51  52   3 
  
 (a)   Find the values of  c1,  c2 and  c3 that were used in the problem. 
 (b)   Identify the value of  k. 
 (c) Calculate the objective value. 
[10 marks] 
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1. Pertimbangkan masalah pengaturcaraan linear berikut: 
   Maksimumkan   z  =  2x1 +  7x2 + 4x3
 
   Terhadap           x1  +  2x2 +  x3  ≤  10    
                          3x1   +  3x2 + 2x3 ≤  10              
                             x1 ,  x2 , x3  0 
 
 (a) Bentukkan masalah dual untuk masalah primal ini. 
 (b)   Selesaikan dualnya secara bergraf dan gunakan penyelesaian ini untuk 
mendapatkan penyelesaian optimum bagi masalah  primal. 
 [10 markah] 
 
2. Pertimbangkan masalah pengaturcaraan linear berikut:  
 Maksimumkan   z  =  c1x1 +  c2 x2 + c3 x3
 
   Terhadap                   x1  +   2x2 +    x3 ≤   k   
                              2x1   +     x2 +  3x3 ≤  2k             
                                        x1 ,  x2 , x3  0 
 
 Biar x4 dan x5 masing-masing mewakili pembolehubah-pembolehubah lalai bagi 
kekangan pertama dan kedua. Anda diberi tablo simpleks terakhir berikut tetapi tidak 
mengetahui nilai  z.  
Asas  x1 x2 x3  x4 x5 Penyelesaian 
z 10
7  0 0 5
3    5
4
     
 x2  51  1 0 5
3
   5
1
   1 
 x3   5
3  0 1  51  52   3 
  
 (a)   Dapatkan nilai-nilai  c1,  c2 dan c3  yang  digunakan dalam masalah tersebut. 
 (b)   Tentukan nilai  k. 
 (c) Hitungkan nilai objektifnya. 
[10 markah] 
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3.    For the standard linear programming  model in matrix form 
   Minimize z  =  cx 
   Subject to        Ax = b 
        x ≥ 0 
 prove the appropriate weak duality theorem. 
 [10 marks] 
4. Consider the following linear programming:   
  Minimize   z  =  5x1 + 4x2     
 
    Subject to        4x1 + 3x2  4 
              2x1 +   x2  3 
               x1+  2x2  1 
               x1 +  x2  2 
                x1, x2    0 
  Because this primal problem has more functional constraints than variables, the 
 simplex method has been applied directly to its dual problem. If we let  y5 and  
 y6 denote the slack variables for this dual problem, the resulting simplex tableau 
 is: 
Basic y1 y2 y3 y4 y5 y6 Solution 
z 3 0 2 0  1  1 9 
 y2  1 1 1 0  1 1 1 
y4  2 0 3 1 1  2 3 
  
 For each of the following independent changes in the original primal model, conduct 
sensitivity analysis by directly investigating the effect on the dual problem and then 
inferring the complementary effect on the primal problem. Give your conclusions as 
to whether the current basic solution is still feasible and whether it is still optimal. 
Find the new solution if the current solution is no longer optimal. 
 (a) Change the objective function to  z  =  3x1 + 5x2    
 (b) Change the right-hand sides of the constraints to 3, 5, 2 and 3 respectively. 
 (c) Change the first constraint to 4x1 +  4x2  7. 
 (d) Change the second constraint to 5x1 +  2x2  10. 
 (e) Add a new variable  x3  0  with  
1
1
1
1 
  =  
34
33
32
31
a
a
a
a
 and c3= 3 
[25 marks] 
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3.   Bagi model  pengaturcaraan  linear piawai dalam bentuk matriks 
   Minimumkan   z  =  cx 
   Terhadap        Ax = b 
       x ≥ 0 
  buktikan teorem kedualan lemah yang sepadan. 
 [10  markah] 
4. Pertimbangkan masalah pengaturcaraan linear berikut:  
  Minimumkan   z  =  5x1 + 4x2     
 
    Terhadap        4x1 + 3x2  4 
              2x1 +   x2  3 
              x1 +  2x2  1 
              x1 +  x2  2 
               x1, x2    0 
 Oleh kerana masalah  primal mempunyai lebih kekangan berfungsi daripada 
pembolehubah, kaedah simpleks telah gunakan terus ke atas masalah dualnya. Jika 
kita biar y5  dan   y6  mewakili pembolehubah lalai bagi masalah dualnya, tablo 
simpleks yang terhasil ialah: 
Asas y1 y2 y3 y4 y5 y6 Penyelesaian 
z 3 0 2 0 1 1 9 
 y2  1 1 1 0 1 1 1 
y4  2 0 3 1 1 2 3 
  
 Bagi setiap satu perubahan berasingan dalam model primal asal, lakukan analisis 
kepekaan dengan mengkaji  terus kesannya ke atas masalah dual dan kemudian 
merumuskan kesannya ke masalah primal. Berikan kesimpulan anda sama ada 
penyelesaian asas semasa masih tersaur dan  optimum. Dapatkan penyelesaian yang 
baru jika penyelesaian semasa tidak lagi optimum. 
 (a) Tukar fungsi objektif kepada  z  =  3x1 + 5x2    
 (b) Tukar nilai-nilai sebelah kanan kekangan masing-masing kepada 3, 5, 2 dan 3. 
 (c) Tukar kekangan pertama kepada 4x1 +  4x2  7. 
 (d) Tukar kekangan kedua kepada 5x1 +  2x2  10. 
 (e) Tambah pembolehubah baru  x3  0  dengan 
1 
1 
1 
1 
  =  
34
33
32
31
a
a
a
a
 dan c3= 3. 
[25 markah] 
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   5. Solve the following integer programming, with the optimal tableau of its LP 
relaxation, by the cutting plane method and compare the true integer solution with 
the solution obtained by rounding the continuous optimum.  
 
  Maximize  z  =  4x1 + 6x2 +2x3  
             Subject to          4x1  4x2          10 
      x1 + 6x2          5 
      x1 +  x2 +  x3  5 
              x1, x2, x3   0 and integer 
             
Basic x1 x2 x3  s1 s2 s3  Solution 
z 0 0 0 2 2 2 40 
x1 1 0 0 10
3  51  0 4
 
x2 0 1 0 201  51  0 211  
x3 0
 0 1 41  0 1 217  
  
 Here s1, s2 and s3  represent the slack variables corresponding to the first, second 
 and third constraints respectively. 
 
  [10 marks]  
 
6. Consider the following pure integer programming problem. 
 Maximize  z  =  5x1 +   3x2 
   Subject to   34x1 +  30x2  255  
    8x1+  20x2   80 
                     x1,  x2    0 and integer 
Solve using the branch and bound method. Show the LP relaxation and 
subproblems graphically. 
[10 marks] 
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5. Selesaikan masalah pengaturcaraan integer berikut, dengan tablo optimum bagi 
PL relaksasinya, dengan kaedah cabang dan batas dan bandingkan penyelesaian 
integer sebenar dengan penyelesian yang diperolehi dengan membundarkan 
penyelesaian optimum selanjar . 
 
  Maksimumkan  z  =  4x1 + 6x2 +2x3  
             Terhadap           4x1  4x2         10 
      x1 + 6x2          5 
      x1 +  x2 + x3   5 
              x1, x2, x3   0 dan integer 
             
Asas x1 x2 x3  s1 s2 s3  Penyelesaian 
z 0 0 0 2 2 2 40 
x1 1 0 0 10
3  51  0 4
 
x2 0 1 0 201  51  0 211  
x3 0
 0 1 41  0 1 217  
  
 Di sini s1, s2 and s3 masing-masing mewakili pembolehubah lalai bagi kekangan 
 pertama, kedua dan ketiga. 
 
  [10 markah]  
 
6. Pertimbangkan masalah pengaturcaraan integer tulen berikut.   
 Maksimumkan   z  =  5x1 +   3x2 
   Terhadap            34x1 +  30x2   255  
                         8x1+  20x2    80 
                                     x1, x2    0  dan integer 
Selesaikan dengan menggunakan kaedah cabang dan batas. Tunjukkan masalah 
PL yang dilonggarkan dan submasalah- submasalah secara bergraf. 
[10 markah] 
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7.   Solve the following goal programming model graphically:  
 
Minimize  z  = P1u3 + P2 u2 +  P3 v1 +  P4 v2 
Subject to         4x1 + 6x2    +  u1   v1   =   48 
           2x1 +   x2     +  u2   v2 =   20 
             v2             + u3   v3  =  10 
           x2     +  u4   v4 =    6 
                x1, x2, ui, vi   0  i= 1, 2, 3, 4 
[10 marks] 
                     
8. A textile company produces denim and brushed-cotton cloth. The average production 
rate for both types of cloth is 100 meters per hour and the normal weekly production 
capacity (running two shifts) is 80 hours. The marketing department estimates that 
the maximum weekly demand is for 6000 meters of denim and 3500 meters of 
brushed cotton. The profit is RM3.00 per meter for denim and RM2.00 per meter of 
brushed cotton. The following goals in order of importance have been established by 
the company. 
 (i) Eliminate underutilization of production capacity on order to maintain stable 
employment levels. 
 (ii) Limit overtime to 10 hours. 
 (iii) Meet demand for denim and brushed cotton weighted according to profit for 
each. 
 (iv)    Minimize overtime as much as possible. 
 Formulate a goal programming model for determining the number of meters (in 100-
meter lots) to produce in order to satisfy the goals. 
[15 marks] 
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7. Selesaikan masalah pengaturcaraan gol berikut secara bergraf: 
  
Minimumkan  z  = P1u3 + P2u2 +  P3 v1 +  P4 v2 
Terhadap         4x1 + 6x2    +  u1   v1   =   48 
           2x1 +   x2     +  u2   v2 =   20 
             v2             + u3   v3  =  10 
           x2     +  u4   v4 =    6 
                x1, x2, ui, vi   0  i= 1, 2, 3, 4 
[10 markah] 
                     
8. Sebuah syarikat tekstil mengeluarkan kain denim dan kain kapas licin. Purata kadar 
pengeluaran bagi kedua-dua jenis kain adalah 100 meter per jam dan kapasiti 
pengeluaran mingguan adalah (dalam dua syif) biasanya 80 jam. Bahagian 
pemasaran menggangarkan permintaan mingguan sebanyak 6000 meter bagi denim 
and 3500 meter bagi kapas licin. Keuntungan per meter bagi denim ialah RM3.00 
dan RM2.00 bagi kapas licin. Gol-gol berikut yang mengikut keutamaan telah 
ditetapkan oleh syarikat.  
 (i) Hapuskan kurang pencapaian kapasiti pengeluaran supaya aras pekerjaan 
stabil. 
 (ii) Hadkan lebih masa kepada 10 jam. 
 (iii) Penuhi permintaan bagi denim dan kain kapas licin  yang diberatkan mengikut 
keuntungan setiap satu. 
 (iv)    Minimumkan lebih masa seboleh yang mungkin. 
 Rumuskan suatu model pengaturcaran gol for untuk menentukan  bilangan meter 
(dalam lot 100-meter) yang harus dikeluarkan untuk memenuhi gol-gol tersebut. 
[15 markah] 
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